Abstract -The procedure for counting colonies is often performed manually and the process is lengthy and tedious. 
INTRODUCTION
Determining the number of bacteria colonies, such as E.Coli, S. Cerevisiae yeast, is a standard procedure in microbiological experiments. The major issue in the laboratory is to produce a reliable estimation for the number of bacteria colonies in Petri plates. The counting process is still primarily done manually using a marker to mark each spot on the plate so as not to double count, and it works fine for a small number of plates. However, a microbiologist in a laboratory usually deals with at least 200 Petri plates in a day, and thus this manual counting task can be laborious, daunting, time consuming and also inaccurate, either due to biasedness or errors induced by eye fatigue. Some researchers have adopted advanced automatic imaging counting systems, but these instruments are extremely expensive to be implemented in small laboratories that perform counting only occasionally. On the other hand, larger laboratories with tremendously large counting needs would require a few of such automatic counter systems.
Various studies have proposed imaging techniques for automatic counting of certain types of objects, such as cells, bacteria, people, tree crowns, etc., as their main components [1] . Reliable extraction of centroids from bacteria cells is an important task to ensure that the cells are properly 978-1-5090-0412-6/16/$31.00 ©2016 IEEE 41 segmented, quantified and recognised. The simplest approach in colony counting is to correlate the contour of the colonies with a circular pattern based on the local maxima in the correlation map [2] . Another approach exploits a particular form of lighting by injecting fluorogenic substrates to produce fluorescence images [3] . Given the high contrast in the produced images, colonies can be easily detected. However, this approach may not work well if the contrast in the fluorescence images is low. Some apply the Watershed transform method to split and segment adjacent colonies [4, 5] . Another popular method is the Hough transform, also to split touching colonies but it may tend to incorrectly detect adjacent colonies as a single colony object [6] . There is also the morphological analysis approach for counting, as introduced in [7] , based on the fact that bacteria colony types come in different forms -circular, irregular, filamentous and rhizoid. These methods usually rely on manual hand-tuning the threshold values in a controlled environment. Other more advanced methods include the spectroscopic technique [8] , light scattering approach [9] , fibre optic technology [10] , and flow cytometry [11] . However, the accurate segmentation of bacteria remains an issue to be resolved, especially due to the different types of bacteria that produce different shape colonies, and for cases of colonies being very close or adjacent to one another.
Existing image processing tools to count bacteria colonies are essentially software-centred computer systems, where images are captured using digital cameras. These software are either proprietary to the research lab or sold at a very high cost. Given the increase of smart mobile devices among users, it is our aim to develop a mobile based computer vision technique to automate the process of detection and counting of colonies to assists microbiologists to tract the colony growth over a time series.
With the recent significant increase of mobile devices such as smartphones and tablets, the expected release of mobile apps for the benefit of laboratory research is also rising. Within these couple of years, a broad portfolio of scientific mobile apps for both iOS and Android devices has been developed and these would transform today's biology research labs. ColonyCount apps by Bfrontier Group can be used to assist biologists when counting colonies and this is done manually by selecting colonies on the acquired image. Another mobile app, Prom ega, has leveraged the phone's camera to build an iOS-based colony counter and count is done automatically and user can enhance the counting by manually selecting the colonies and removing false positive.
In this project, we capture the bacteria image using a self developed image processing mobile app that is linked to the Android mobile phone camera. Then we remove the circle edge image of the cultured Petri dish using radii equations. We convert the RGB image to a HSV image and use only the V channel for processing. Thirdly, a template is measured from the applied morphology closing and distance transform. We apply template matching and finally we calculate the local maxima in the resulting image. The local maxima correspond to the centres of the circles in the template, while the maximum values correspond to their radii. It is found that this method for colony counting is quite promising especially in a controlled lighting environment. It is to be noted that this proposal is still work in progress, but has shown very promising results.
III. METHODOLOGY
The bacteria used in this study is E.coli, which has a circular shape. Since we are not applying fluorogenic substrates, the bacteria is not stained and is allowed to grow in Petri dishes for a few days. The bacteria image acquisition contains the mobile phone and the developed mobile apps for image analysis and counting. The simplified acquisition structure is as shown in Fig 1, and Fig 2 shows the captured image of the Petri dish in a uncontrolled enviroment. The acquired Petri dish image has to be taken from the above, preferably about 2 inches away and against a black background since the colonies are white in colour, and in order to obtain different degrees of contrast. In a normal environment, it would be a challenge to carry out the Petri dish image acquisition with care, due to the random lighting exposure in the lab that could influence the outcome of the [mal image.
The detailed flowchart of the algorithm is given in Figure  3 , listing the processing stages in the mobile apps. Note the use of a combination of techniques referred to earlier. The rationale for this combination will be reported elsewhere. For the purposes of this paper, it can be considered as an experimentation.
Template matching Fig. 3 . Flowchart representing the image processing and analysis pipeline
The OpenCV library is used to implement the image processing functions, and it also offers integration of mobile devices. The image processing libraries are Open Source and freely available. The mobile app is developed using C++ and Java programming languages. Android SDK version 4.4 is used in the application implementation. The codes are then compiled and installed in Android smart phones.
IV. IMAGE PROCESSING ALGORITHM
In the algorithm, the fIrst step is to detect the boundary of the Petri dish. A circle equation is applied for the dish edge, with the user selecting the edge of the boundary (Fig  4) . Once done, the RGB image is then converted to a HSV image. Colour similarity HSV (Hue-Saturation-Value) is adopted to facilitate colony boundary detection. We then apply the Otsu's global threshold method on the 'Value' channel for processing to extract candidate regions in the enhanced intensity image and to remove small holes/gaps. Here, we combine Otsu's and the binary thresholding methods.
In order to deal with the different sizes of colonies, we use fIltering, which involves convolution to get an elliptic or a circular shape for the colony object. Morphology transformation is performed and then a distance transform is 43 measured and used as the template. The Erode operation is applied based on the radius of the colony. This size is manually hard-coded into the program based on the analysed average radius size threshold of the colony. Another template is created on the sizes of the circles in the image.
Watershed and distance transform methods are then applied again on the resulting image from the template matching. Here, the region peaks are located and extracted, as shown in Fig 5 and the The possible connected colonies are identifIed by using the distance transformed image mask as well as the strength of the peak (calculated from the local maxima) to correspond to the radius of the circle. This means that, to estimate the colony peaks, the transform would fIrst estimate the set of radii to be tested from the radius of circle mask, and then fInd the local maxima in the distance transform image that was processed earlier. The center of the colony is represented by the local maxima matrix that returns the row and column coordinates of the points.
Finally, circles are drawn. Fig 7 shows the region of interest where the colonies are located. The counting is based on the unit area and the number of colonies is displayed on the top left corner of the screen. The overall interface of the proposed mobile application is still at its infancy stage as present, the project emphasizes on improving the detecting of bacteria colonies in a variety of iIIwnination variation instead of the interface design. 
V. RESULTS AND DISCUSSION
In our experiments, we used an ASUS smartphone to acquire dish image for bacterial colony detection and counting, as illustrated in Fig 8. Petri dishes of medium bacteria strains are used. The Petri dishes are obtained from the Department of BioTechnology Lab at Universiti Malaysia Sarawak. The dish contains clear agar, which is widely used in laboratories for E.coli culture. In the process of detecting colonies, there are some clusters of colonies that require splitting or sub-dividing in order to separate the colonies. We apply the Watershed approach as this technique arguably the best to deal with the splitting of colonies. An example results is shown in Fig 9 . The experiments had to be carr ied out in a normal environment, and as such illumination and shadows posed some problems for accurate detection. There were a nwnber of constraints while deploying the project -smart mobile hardware and camera specifications. The processing power of smart phones varies from low to high end clock speed and hence the apps has to be optimized for efficiency in all the image processing techniques. In the absence of the auto-focus features, the proposed app needs to also include the correction methods. The poor resolution on the phone camera also affect the sensitivity of the detection techniques. There is indeed further work to be done, especially in the experimentation stage, and hopefully in a fully non controlled environment. In addition, the mobile interface design will also be improved. The results of the counting experiment with manual will be published in a future publication. The work has however shown that this approach is very promising, and certainly far less costly than the alternatives.
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VI. CONCLUDING REMARKS
This paper has presented a mobile based computer vision algorithm for automatic bacteria colony counting using morphological operations and transforms in image processing. The mobile app is able to detect, isolate and count colonies. The proposed app has the following contributions.
Firstly, the image processing technique was develop on smart mobile app. The detection and isolation or separation of the colonies can be done on real environment (not in a controlled environment). The challenges faced during the experiment were the illumination variations due to lightings, shadows and reflections on the Petri dishes. Written text on the Petri dishes was also a problem as they are considered as noise and usually obscured the visibility of the colonies. Therefore, there are a number of future works that will be proposed that includes mainly pre-processing to remove the noise, correction methods to enhance the acquired images and improve the camera features on the mobile devices.
Overall the proposed features and mobile app is flexible to attractive to laboratories. Since it is still work in progress, but the results so far have shown that the technique is very promising, and certainly far less costly than the alternatives.
